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(54) Display control method with partial rewriting and display controller and display apparartus 
using the same 



(57) When the contents of display data in a display 
memory have been changed, the address, subjected to 
the write access, of the display memory is held in an 
address latch circuit, and is divided by the number of 
display pixels in the horizontal direction of the display 
screen of a ferroelectric liquid crystal display unit. By 
decoding the division result, the display line number of 
the display unit corresponding to the address, subjected 



to the write access, of the display unit can be obtained. 
Upon reception of a display request signal from the dis- 
play unit, the obtained display line number and display 
data corresponding to the line number are supplied to 
the display unit, and only display data of the display line 
corresponding to the rewritten portion is rewritten and 
the entire image of the changed image is displayed. 

FIG. 4 
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Description 

BACKGROUND OF THE INVENTION 

s The present invention relates to a display control method and display controller for displaying data stored in a dis- 
play memory on a display, and a display apparatus using the same. „ ... 

As a display apparatus for. e.g., a computer equipment, a CRT display device is known. However, since the CRT 
display device requires a large length in the direction of thickness of the display screen, the entire volume becomes 
large and it is difficult to attain a size reduction of the entire system. In display control of such a CRT display apparatus. 
w display data must always be refreshed using. e.g.. a CRT controller (CRTC). resulting in complicated display control. 

As displays which can compensate for the drawbacks of the conventional CRT display apparatus. I.qu.d crystal dis- 
plays which can attain a size reduction of the display apparatus, in particular, a low-profile structure, are known. Of 
these liquid crystal displays, a ferroelectric liquid crystal (FLC) has memory characteristics that can maintain an aligned 
state after an electric field is removed. A display controller for the FLC display (FLCD) need not always refresh the 
is screen unlike in the CRT display controller. In addition, when a display image is changed, the display controller can dis- 
play the entire changed image by changing only display data of the display corresponding to a portion where the con- 
tents of a display memory are changed. 

When data is to be displayed on such an FLCD, the refresh period of the display screen can be prolonged unhke a 
CRT or other displays, thus assuring a sufficient time margin. In addition to refresh control, the display controller for the 
FLCD requires so-called partial rewrite control for updating display data of only a portion corresponding to a change in 
image on the display screen. The partial rewrite control is characterized in that it is performed in units of horizontal lines, 
and is discontinuous in the vertical direction of the display screen. 

Upon execution of the partial rewrite control, when the display controller for the FLCD receives a data request sig- 
nal from the FLCD, it performs a display operation by outputting display data (pixel data) to be displayed and its line 
address(es) in response to the data request signal. For this reason, when the contents of the d.splay memory have 
been updated, the display controller must determine line address(es) of the display screen corresponding to the 
updated portion so as to partially rewrite display data, and must acquire and output the line address to the FLCD. 

As a method of determining the line address(es) on a display screen corresponding to the address(es) where the 
contents of the display memory have been changed, the address may be input to a table comprising, e.g.. a RAM. and 
the corresponding display line address (number) may be output. However, when the address space of the display mem- 
ory is to be changed in correspondence with the volume of data to be displayed on the FLCD, the change in contents 
of the display memory cannot be coped with, since a correspondence between the addresses on the display memory 
and the display lines is not constant. For this reason, when the table is used, the memory space of the display memory 
must always be fixed. 
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SUMMARY OF THE INVENTION 



The present invention has been made in consideration of the above-mentioned prior art. and has as its object to 
provide a display control method and display controller which can determine the corresponding display line at high 
speed, based on the address where the contents of a display memory have been updated, and a (teplay apparatus 

using the same. .. . . . 

It is another object of the present invention to provide a display control method and display controller which can 
determine display line corresponding to the address where the contents of a display memory have been changed, and 
can display an entire image by updating only the changed data, and a display apparatus using the same 

It is still another object of the present invention to provide a display control method and display controller wh.ch can 
easily determine display line corresponding to the address where the contents of a display memory have been 
changed, even when the capacity of a display memory is changed, and a display apparatus using the same. 

It is still another object of the present invention to provide a display control method and display controller which can 
constitute an economic display system by changing the capacity of a display memory in correspondence wrth the d.s- 

so play contents, and a display apparatus using the same. 

It is still another object of the present invention to provide a display control method and display controller which can 
determine display line of a display corresponding to an address of a display memory in which display data is updated 
and can display an entire image by updating only display data corresponding to the display line even when the capacity 
of the display memory is changed, and a display apparatus using the same. 
55 Other features and advantages of the present invention will be apparent from the following descnption taken in con- 
junction with the accompanying drawings, in which like reference characters designate the same or similar parts 
throughout the f igures thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of the specif ication, illustrate embod- 
iments of the invention and. together with the description, serve to explain the principle of the invention. 

5 

Fig. 1 is a block diagram showing the entire information processing system which uses an FLC display apparatus 
comprising a display controller according to an embodiment of the present invention as a display apparatus for dis- 
playing various kinds of characters, image information, and the like; 

Fig. 2 is a block diagram showing the arrangement of an FLCD interface unit of the display controller of an embod- 
10 iment; 

Fig. 3 is a block diagram showing the arrangement of an SVGA of the embodiment; 
Fig. 4 is a block diagram showing the arrangement of a line flag generation circuit of the embodiment; 
Fig. 5 is a view showing an example of the display screen of an FLCD of the embodiment; 
Figs. 6A and 6B are views showing an example of the data format of a display line shown in Fig. 5; 
75 Fig. 7 is a timing chart showing the transfer timings of the display line address and pixel data to the FLCD; 

Fig. 8 is a view showing the correspondence between a pixel indicated by address X on a VRAM and the number 
N of display lines on the screen of the FLCD; 

Fig. 9 is a view for explaining an example of flags to be set in a partial rewrite line flag register; 
Fig. 10 is a circuit diagram showing the arrangement of an address latch circuit of the first embodiment; 
20 Fig. 1 1 is a timing chart showing the operation timing of the address latch circuit of the first embodiment; 

Figs. 12A and 12B are views for explaining addresses generated by the address latch circuit when the VRAM is 
used as a 4-Mbyte memory; 

Fig. 13 is a view for explaining the correspondence between the display screen of the FLCD and the addresses of 
the VRAM; 

25 Fig. 1 4 is a view for explaining the correspondence between the display screen of the FLCD and the addresses of 
the VRAM; 

Fig. 15 is a block diagram showing the arrangement of a divider of the embodiment shown in Fig. 1 ; 
Fig. 16 is a block diagram showing the arrangement of a prime calculator; 
Fig. 1 7 is a block diagram showing the arrangement of a filter circuit 111; 
30 Fig. 1 8 is a block diagram showing the arrangement of a reciprocal number calculator; 

Fig. 1 9 is a diagram showing an example of the division processing in a divider of the embodiment shown in Fig. 1 ; 
Fig. 20 is a diagram showing an example of the division processing in the divider of the embodiment shown in Fig. 
1; 

Fig. 21 is a diagram showing an example of the division processing in the divider of the embodiment shown in Fig. 
35 1; 

Fig. 22 is a flow chart showing the operation of a CPU in the FLCD interface unit; 
Fig. 23 is a diagram for explaining the arrangement of the VRAM of the embodiment shown in Fig. 1 ; 
Fig. 24 is a circuit diagram showing the arrangement of an address latch circuit according to the second embodi- 
ment of the present invention; and 
40 Figs. 25A and 25B are views for explaining the addresses generated by the address latch circuit in correspondence 
with the memory space of the VRAM. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

45 The preferred embodiments of the present invention will be described in detail hereinafter with reference to the 
accompanying drawings. 

Fig. 1 is a block diagram showing the entire information processing system which uses an FLC display apparatus 
according to an embodiment of the present invention as a display apparatus for displaying various kinds of characters, 
image information, and the like. 

so Referring to Fig. 1, reference numeral 1 denotes a host CPU for controlling the entire information processing sys- 
tem of this embodiment; 210, a bridge for interfacing between the CPU 1 and a high-speed bus (PCI bus) 2; and 5, a 
DRAM which is used as a main memory. The DRAM 5 stores a control program to be executed by the CPU 1, and is 
used as a work area in control processing of the CPU 1 . The high-speed bus (PCI bus) 2 comprises an address bus, a 
control bus. a data bus. and the like. Reference numeral 3 denotes a middle-speed bus (e.g., an ISA bus). The high- 

55 and middle-speed buses 2 and 3 are connected via a bridge 21 1 . Reference numeral 4 denotes a system ROM storing, 
e.g., a program for performing initialization processing of the entire system. Reference numeral 19 denotes a display 
controller (FLCD interface unit), which attains interface control with an FLCD 20 and interface control with a video cap- 
ture 8. Reference numeral 10 denotes an image scanner, a camera, or the like for reading an image or the like. 
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Portons connected to the middle-speed bus (ISA bus) 3 will be explained Mo* Reference in™-" denies an 
I/O controller which comprises a parallel or serial interface and also has a disk interface function for a hard disk device 
2 « Ta SffM de^ce 1 3. Reference numeral 16 denotes a keyboard (KBD) controller wh,ch con^jnterfaces 
with a keyboard 17 used for inputting characters such as letters, numerals, and the l.ke. and a mouse 18 serving as a 
St^g devSe Reference numeral 14 denotes a real-time dock which also has a timer functor, of measuring at™ 
ly couming clocks. Reference numeral 15 denotes an audio subsystem which receives an •^cj^lrom a m>cro- 
ohone and outputs it onto the middle-speed bus 3. or drives a loudspeaker on the bas.s of a signal from tte bus 3 to 
ouip* an^Se signal. Note that the FLCD 20 is an FLCD (PLC disp.ay) constituted by using a disp.ay disclosed m. 
e g.. USP 4,922,241 by the present applicant. . 

In the information processing system with the ^^ ertio ^ 
correspondence with various kinds of information displayed on the display screen of the FLCD 20. More speaticaiiy. 
SarX or i^gTirifoVmation supplied from the parallel or serial interface, the hard disk dev.ce 12. the floppy d.sk 
tSSSTz the te^oarS 17. or the pointing device 18. operation information associated with the .users system ^operator, 
^stored in thesystem ROM 4 or the main memory (DRAM) 5. or the .ike is displayed on tine display screen of t» 
FLCD 2aand a user performs an edit operation of the information or an instruction operation to the sy^ernwNe 
observing the displayed information. Note that the above-mentioned respective port, ons can supply display information 

t0 ^Rg 1 ? I ablock diagram showing the arrangement of the FLCD interface unit 1 9 of this 

As shown in Fig. 2. ttie FLCD interface unit 19 of this embodiment, i.e.. the display controller, adopts an SVGA 21 
whic^uSeTan eSg SVGA as a display contro. circuit for a CRT. Prior to a descnption of the arrangement shown 
7n Rg 2 th^gement of the SVGA 21 of this embodiment will be described below with reference to F,g. 3. 
Rg. 3 is a block diagram showing the arrangement of the SVGA 21 of this embodiment 

Referring to Rg 3 display data (DDATA), which is display data of an area, corresponding to a i display ^window on 
the FLCD 20 S X dtp.ayVemory (DRAM 5) and is displayed while being rewritten, is transferred to the FLCD inter- 
face unit 1 9 via the PCI bus 2 under the control of the host CPU 1 . and is temporarily stored .n a FIFO 211. Alsa bank 
aSr^^ipT^g the area, corresponding to the display window of the display memory onto an arbrtrary 
area of a VRAM 22 is also transferred to the FLCD interface unit 1 9 via the PCI I bus 1 2. 

Commands, the above-mentioned bank address data, and the like, and control .rrforma hon fronv *e hoj CPU 1 1 are 
transferee the SVGA 21 in the form of register set data (SETRG). and register get data (GETRG) is transferred from 

data (SETRG) and the display data (DDATA) stored in the FIFO 21 1 are sequentially output from the FIFO 21 1^nd are 
SlnlSSnding °egi2J in a bus interface unit 212 and a VGA 21 7 in correspondence wrththeir types The VGA 
«7 JUSSSt the Dank address, its display data, a control command, and the like on the basis of the set state of data 
in the* » regist^ ^ ^ ^ ^ ^ ^ Qf ^ ^ 

to th^sX window, of the display memory (DRAM 5) and the bank address. Together with the generated address 
d a rthrvGA^l7 tensfers strSe signals RAS and CAS. a chip select signal CS. and a write enable signal WE as 
rn^oVv wrtrofsig^s to the VRAM 22 via a memory interface unit 215. With these control Signals, display data can 
b?wSen aX addtels on the VRAM 22 designated by the VRAM address. At this time, dispfay data to be written « 
40 also transferred to the VRAM 22 via the memory interface unit 215. 

in me ot?er hand, the VGA 217 reads out the display data (DDATA) stored in the VRAM 22 JWj 
line address (RQLADR) transferred from a line address generation circuit 24 (to be described lateO from the VRAM 22 
in ac^ce with a line data transfer enable signa. (TRENA) similarly transferred from the hne address jO"-*" 
curt 24. and stores the readout data in a FIFO 216. The FIFO 216 sends the display data (DDATA) to the FLCD 20 ,n 

45 ^£35£!£'.tao comprises a data manipulator 213 and a graphics engine 214 which serve as an accelerator 
function. For example, whence host CPU 1 sets data associated with a circle, and te center and radius . Mta rapttem 

Tthe Zs interface unit 21 2 and instructs drawing of the ^.«"<W^^ e21 *8r^*^?^S 
!ng tne cfrcle. and the data manipulator 213 can write the generated data in the VRAM 22 v,a the memory interface unit 

50 Referring back to Fig. 2. a CPU 23 reads the contents of aflag register 2913 (Fig. 4) of a line flag generation circuit 
29 (totTiribed lets? with reference to Fig. 4). and sends a request line address (RQLADR) set w,tha fjaj , to jthe 
IvSa 21 via the line address generation circuit 24. At this time, the line address generation circuit 24 sends aim data 
transfer enable signal (TRENA) in correspondence with the line address data. With these Signals, the SVGA 21 1 (£. rts 

55 F?FO 21 6) tonsfers display data (DDATA) at the designated line address to a binary -htfton. poewmg 5«*f 

The binary halftone processing circuit 26 converts multi-value ^J^^T^SSS^l nL 2^6 ^ or 
(5 bits each a total of 1 5 bits: 32 K colors), or R (3 bits). G (3 bits), and B (2 bits) data (a total of 8 bits. 256 colors), or 
R G. B and finance) data (1 bil each, a total of 4 bits: 16 colors) into binary pixel data (PDATA) correspor^ng to 
each pixel on the display screen of the FLCD 20. In this embodiment, one pixel on the display screen has display cells 
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having different areas corresponding to R, G. and B colors, as shown in Fig. 5. As shown in Fig. 5, the FLCD 20 has a 
maximum of 1,280 pixels (horizontal direction) x 1,024 lines (vertical direction) display area, and a 1,024 pixels x 768 
lines area of this display area except for a border portion indicated by a hatched portion corresponds to an effective dis- 
play area. 

5 Figs. 6A and 6B show the data formats of display lines A and B shown in Fig. 5. Fig. 6A shows the data format of 

the display line A. In this format, the line address is assigned to the beginning of data, and a pixel data portion of the 
display line includes only border pixel data 600. Fig. 6B shows the data format of the display line B. In this format, the 
two end portions of the pixel data portion include border pixel data 600, and pixel data to be actually displayed are inter- 
posed therebetween. One pixel data to be displayed has 2 bits (R1 and R2, G2 and G2, B1 and B2, respectively) for 

io each of R, G, and B colors, as denoted by 601 in Fig. 6B. Therefore, the binary halftone processing circuit 26 converts 
a total of 1 5-, 8-, or 4-bit R, G. and B display data per one pixel into 2-bit data per R, G, or B color component (e.g., each 
of R, G, and B colors is expressed by 4-value data). 

Note that this binary halftone processing can use a known method. For example, an error diffusion method, an 
average density method, a dither method, or the like may be used. 

is Referring back to Fig. 2 f a border generation circuit 25 generates border pixel data (BDATA) of the border portion 
on the cfisplay screen of the FLCD 20. More specifically as shown in Fig. 5 above, the display screen of the FLCD 20 
has 1,024 lines each having 1,280 pixels, and of this display screen, the border portion (hatched portion) which is not 
used for a display is formed to border the display screen. The border pixel data (BDATA) generated by the border gen- 
eration circuit 25 is serially synthesized with the pixel data (PDATA) from the binary halftone processing circuit 26 by a 

20 synthesizing circuit 27. Furthermore, thereafter, the synthesizing circuit 28 synthesizes the synthesized data with dis- 
play line address data (LADR) from the line address generation circuit 24, and supplies the synthesized data to the 
FLCD 20. Note that pattern data (BDATA) of the border portion is instructed by the CPU 23. 

Fig. 7 is a timing chart showing the transfer timings of the display line address (LADR) and pixel data (PDATA + 
BDATA) to the FLCD 20. In this embodiment, the display line addresses and pixel data are transferred to the FLCD 20 

25 in the form of 8-bit parallel data ADO to AD7. 

When a synchronization signal HSYNC indicating a transmission request of data from the FLCD 20 is input to the 
line address generation circuit 24, the line address generation circuit 24 sends request line addresses (RQLADR) indi- 
cating lines to be displayed to the SVGA 21, on the basis of a display start line address (DSLADR) and the number 
(SDLINE) of lines to be successively displayed, DSLADR and SDLINE are designated by the CPU 23 in advance. With 

30 these data, the SVGA 21 outputs display data (DDATA) corresponding to the input addresses. At the same time, the line 
address generation circuit 24 sets a signal AHDL for discriminating the display line address and pixel data at high level 
"f, and outputs it to the FLCD 20. In addition, the circuit 24 transfers display line addresses (LADR: AO to A1 1) to the 
FLCD 20. Upon completion of the transfer of the display line addresses (LADR) to the FLCD 20, the line address gen- 
eration circuit 24 sets the signal AHDL at low level "0 n and outputs it to the FLCD 20. In addition, the pixel data (PDATA 

35 + BDATA) supplied from the SVGA 21 via the binary halftone processing circuit 26 and the synthesizing circuit 27 are 
transferred to the FLCD 20. When the signal AHDL is at high level "1". it indicates that the display line addresses 
(LADR) are output onto signal lines ADO to AD7; when the signal AHDL is at low level, it indicates that pixel data are 
output onto the signal lines ADO to AD7. 

The CPU 23 controls the entire FLCD interface unit 19 described above. More specifically, the CPU 23 receives 

40 information such as the total number (TLINE) of lines of the display screen, the total number (TPXEL) of pixels as the 
number of display pixels per line, cursor information (CSRDT), and the like. The CPU 23 sends data such as VRAM 
address offset data, the total number (TLINE) of lines to be displayed, and the total number (TPXEL) of pixels to be dis- 
played to the line flag generation circuit 29 via a signal line 31 . The CPU 23 initializes the partially rewritten line flag 
register 2913 arranged in the line flag generation circuit 29 using a signal INFLG, sends the display start line address 

45 (DSLADR), the number (SDLINE) of lines to be successively displayed, the total number (TLINE) of lines, the total 
number (TPXEL) of pixels, and various data indicating the border area (BAREA) to the line address generation circuit 
24. and acquires partially rewritten line flag information from the line flag generation circuit 29 via the signal line 31 . Fur- 
thermore, the CPU 23 sends data such as a bandwidth (BAND), the total number (TPXEL) of pixels, and a processing 
mode (MODE) to the binary halftone processing circuit 26. and sends border pattern data (BDATA) to the border gen- 

so eration circuit 25. Reference numeral 30 denotes, e.g., a 2-bit DIP switch, which instructs the arrangement of the mem- 
ory block of the VRAM 22 to the CPU 23. This switch will be described in detail later in the description of the 
arrangement of the line flag generation circuit 29. 

<Line Flag Generation Circuit 29) 

55 

Fig. 4 is a block diagram showing the arrangement of the tine flag generation circuit 29 of this embodiment. 

Referring to Fig. 4, reference numeral 2907 denotes an address latch circuit for generating 20-bit address data on 
the basis of an address signal output. The latch timing of this address signal is determined based on signals RAS\ 
CAS<1 :0>\ and WE<7:0>* upon generation of the write operation to the VRAM 22 by the SVGA 21. Note that * indicates 
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a signal of active low, and (a:b> of the signals CAS<1 :0>* and WE(7:0>* indicates signals a to b. For example, the signal 
WE<7:0>* indicates signals WEO* to WE7*. Note that display data to be displayed on the FLCD 20 are stored in the order 
from address 0 of the VRAM 22 in correspondence with positions from the upper left corner to the lower right corner of 
the display screen of the FLCD 20. 

s A subtracter 2908 subtracts the value of an SSA (Screen Start Address) register 291 1 from the 20-bit address data 

generated and output from the address latch circuit 2907. Thereafter, the address data is divided by the number of 
addresses of the VRAM 22 corresponding to the horizontal resolution by a divider 2909 at the output side of the sub- 
tracter 2908, thereby calculating the rewritten line position. The role of these subtracter 2908 and SSA register 291 1 
will be explained below. When the beginning of data to be displayed on the FLCD 20 is not address 0 of the VRAM 22. 

w the display start address is set in the SSA register 291 1 . and the value set in the SSA register 291 1 can be subtracted 
from the address data from the address latch circuit 2907, thus obtaining the corresponding display line number. The 
obtained line number is sent to a decoder 2910, and is decoded to set corresponding flags of the flag register 2913. 
These flags can be read out by a signal RE from the CPU 23, and allow the CPU 23 to detect the line number where 
the display contents have changed. Note that the contents of the flag register 2913 are automatically reset after they 

is are read out by the CPU 23. 

Fig. 8 shows the correspondence between a pixel indicated by address X on the VRAM 22 and the number N of 
display lines on the screen of the FLCD 20. Assume that one line includes a plurality of pixels, and one pixel has n bytes. 
At this time, the line address (line number N) of address X on the VRAM 22 is calculated as follows: 

20 N = 1 + {(VRAM address: X) - (display start 

address)}/(the number of pixels per line) x (the 
number of bytes per pixel: n) 

25 The line flag generation circuit 29 sets flags of the partially rewritten line flag register 2913 in correspondence 

with the calculated line address (N). Fig. 9 shows this state. 

As can be seen from Fig. 9. when the display contents at corresponding addresses on the VRAM 22 are rewritten 
so as to display a letter "L", the rewritten line addresses are detected by the above-mentioned calculation, and flags cor- 
responding to these addresses, of the register 2913 are set (to be M 1 "). 
30 The respective portions ol the line flag generation circuit 29 will be described in turn below. 

Fig. 10 is a circuit diagram showing the circuit arrangement of the address latch circuit 2907 according to the first 
embodiment of the present invention, and exemplifies a case wherein the VRAM 22 has a fixed 4-Mbyte memory space. 
Fig. 11 is a timing chart showing the operation timing of this circuit. 

Referring to Fig. 10, reference numerals 800 to 803 respectively denote 9-bit D-type flip-flops. The flip-flop 800 
35 latches an RAS address, and the flip-flop 802 latches a CAS address. Flip-flops 806 to 808 are 1-bit flip-flops, respec- 
tively. The flip-flop 806 is set at timings T1 and T2 shown in Fig. 1 1 . and the leading edge of its Q output determines the 
set timing of the flip-flops 801 , 803, 807, and 808. 

Figs. 12A and 12B are views for explaining the format of the 20-bit address data generated by the address latch 
circuit 2907. Fig. 12A shows the VRAM addresses when the VRAM 22 has a 4-Mbyte address space, and one address 
40 of the VRAM 22 has 8 bits. In this case, the address data has 22 bits as a whole. Fig. 12B shows the 20-bit address 
data generated by the address circuit 2907 according to the first embodiment of the present invention. In this data, a 
signal WEH is set in bit 0, a signal CASH is set in bit 1 , CAS address bits are set in bits 2 to 10. and RAS address bits 
are set in bits 11 to 19. 

Figs. 13 and 14 show the relationship between the display area of the FLCD 20 and the addresses on the VRAM 
45 22. Fig. 1 3 shows the display screen of the FLCD 20, and Fig. 1 4 shows the addresses on the VRAM 22 corresponding 
to the display area. 

In this embodiment, assume that the effective display area of the FLCD 20 is defined by horizontal 800 pixels x ver- 
tical 600 pixels, one pixel has 8 bits (256 colors), and one address on the VRAM 22 has 32 bits (for four pixels). There- 
fore, the addresses on the VRAM 22 corresponding to one line on the display screen are 200 words. 
so The arrangement of the divider 2909 of the line flag generation circuit 29 will be described below. Figs. 15 to 18 
show the arrangement of the divider 2909 of this embodiment. Since the details of this divider 2909 have already been 
filed by the present applicant (Japanese Patent Laid-Open No. 6-180640). a brief explanation will be given below. 

Fig. 15 is a block diagram showing the overall arrangement of the divider 2909. The number of VRAM addresses 
(e.g., 200) corresponding to the horizontal resolution of the FLCD 20 is input as a divisor 202 from a horizontal line 
55 number register 291 2 to the divider 2909. and a prime calculator 1 02 calculates the run of "O's of lower bits. In addition, 
a reciprocal number calculator 103 calculates a reciprocal number 207 of the divisor 202. Address data (dividend: 20 
bits) 201 input from the subtracter 2908 is input to a multiplier 104 via a filter circuit 101, and is multiplied with the recip- 
rocal number 207 of the divisor (the number of horizontal lines). The calculation result is output as the division result via 
a filter circuit 105. 
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Fig. 16 is a block diagram showing the arrangement of the prime calculator 102. 

An input divisor (the number of horizontal lines) is set in a divisor register 108. For example, as shown in Figs. 13 
and 1 4, when the display screen of the FLCD 20 is defined by 800 x 600 x 256 colors, the number of horizontal VRAM 
addresses is "200" since one address corresponds to four pixels. Conversion of this value "200" into a 16-digit binary 
5 value yields "000000001 1001000". A value "0001001 100000000** obtained by inverting the 16-digit value is input to a 
priority encoder 109 to obtain "1100". This value is subtracted from "11 11" by a subtracter 110, and "0011" is obtained 
as the subtraction result. 

Fig. 1 7 is a block diagram showing the arrangement of the filter circuit 111. 

The filter circuit 1 1 1 receives, as a filter value 203, the value (e.g., 001 1 = 3 in the above-mentioned case) calcu- 
io lated by the subtracter 110 based on the divisor 205 (000000001 1001000) from the divisor register 108, and obtains a 
value "000000000001 1001" by deleting lower 3 bits (= "001 1") using a deletion register 106. When this value is input 
as a modulus 204 to the following reciprocal number calculator 103 via a selector 107, its reciprocal number can be 
obtained. 

Fig. 18 is a block diagram showing the arrangement of the reciprocal number calculator 103. 

15 In the reciprocal number calculator 103. the modulus 204 (000000000001 1001) input from the prime calculator 102 
is input to a priority encoder 1 13, and a value "0100" is obtained as the processing result of the encoder 1 13. An adder 
122 adds "10000" to the value "0100" and outputs the sum "10100" as a filter value 206. Also, an adjuster 114 outputs 
a value "0000000000100000" as hexadecimal expression of a value "100000" obtained by adding five "0"s to "1 " on the 
basis of the output "0100" of the priority encoder 1 13. 

20 A subtracter i 15 subtracts the modulus 204 (000000000001 1001) from the prime calculator 102 from the output 
"0000000000100000" from the adjuster 114, and sends the subtraction result "000000000000011.1" to a calculation 
unit 116. The calculation unit 116 obtains a 16-digit value "1010001111010111". A value "1010001111011000" 
obtained by adding "1" to the value output from the unit 1 16 by an adder 1 12 is output, as a muftiplicator 207, to the 
multiplier 104. 

25 Figs. 19 to 21 show the above-mentioned operations. 

The operation of the divider 2909 based on the above-mentioned arrangement will be described below using an 
example of data. 

Assume that the SVGA 21 rewrites data at the 300th line. Since the addresses of the 300th line are "E998" to 
"EA5F" as hexadecimal notation (HEX), the signals CAS1* and WE<7:4>* are asserted by RAS address "01 D (HEX)" 

30 and CAS address "097 (HEX)" to make an access. The address latch circuit 2907 generates 20-bit address data 
"00001110101001011111" having the data format shown in Fig. 12B. The fflter circuit 101 of the divider 2909 deletes 
lower 3 bits of this 20-bit address data on the basis of the filter value 203 (001 1) generated by the prime calculator 1 02, 
and outputs the processing result value "0001 1 1010100101 1" to the multiplier 104 as a multiplicand. The multiplier 104 
multiplies the multipiicator 207 (101000111101000) from the reciprocal number calculator 103 with the multiplicand 

35 "0001110101001011" from the filter circuit 101. The lower 20 bits of the multiplication result 
"100101011 1 1 1 101 1 1 100001001000" are deleted by the filter circuit 105 on the basis of the filter value "10100" from 
the reciprocal number calculator 1 03. In this manner, the division result "00000001 001 01 01 1 " (= 299) is output from the 
divider 2909. 

The number of VRAM addresses corresponding to the horizontal resolution is set in the horizontal line number reg- 
40 ister 2912 by the CPU 23 on the basis of the total number (TPXEL) of pixels set in the SVGA 21 by the host CPU 1 . In 
this case, the values to be set in the horizontal line number register 2912 at respective resolutions are as follows: 

800 x 600 x 16 colors 
...100 

45 800 x 600 x 256 colors 
...200 

800 x 600 x 32 K colors 
...400 

1,024 x 768x16 colors 
so ...128 

1,024 x 768 x 256 colors 

...256 

1.024 x 768 x 32 K colors 
...512 

55 1 .280 x 1 .024 x 1 6 colors 
...160 

1,280x1,024x256 colors 

...320 
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1 ,280 x 1 ,024 x 32 K colors 
...640 



In this manner, the decoder 2910 can obtain the rewritten line number (in this case. "300- = 299+1) by decoding 
the value "00000010010101 1" (= 299) obtained by the divider 2909. With the above-mentioned processing, flag infor- 
mation obtained in units of rewrite operations of the VRAM 22 is stored in the flag register 291 3. When the contents of 
the flag register 291 3 are read out by the CPU 23 via the signal line 31 . the flag register 2913 is cleared after the com- 
pletion of the reading operation. When a power switch of the information processing system is turned on. the flag con- 
tents can be initialized by a flag initialization command (INFLG) from the CPU 23. 

Upon reception of the total number (TUNE) of display lines per screen, the number (TPXEL) of pixels per line, and 
the like input from the host CPU 1 . the CPU 23 sets the bandwidth (BAND) and the total number (TPXEL) of pixels to 
be subjected to image processing, and a halftone processing mode (e.g.. a processing mode such as the error diffusion 
method dither method, or the like) in the binary halftone processing circuit 26. and also outputs data indicating the total 
number (TLINE) of lines, the total number (TPXEL) of pixels, and the border area (BAREA) to the line address genera- 

tl0n ^processing shown in the flow chart in Fig. 22 is other than the above-mentioned setting processing. That is. 
Fig. 22 is a flow chart showing the processing for. when data on the VRAM 22 is rewritten, obtaining the line number 
corresponding to the rewritten address. 

In step S1 . the display start address is set in the SSA register 291 1 of the line flag generation circuit 29. and the 
number of pixels for one line is set in the horizontal line number register 2912. The flow then advances to step S3 and 
the control waits for a signal input from the line flag generation circuit 29 and indicating that data on the VRAM 22 has 
been rewritten. Upon reception of this signal via the signal line 31 . the flow advances to step S4. and the contents of 
the flag register 2913 of the line flag generation circuit 29 are read to obtain the rewritten line number. After the rewntten 
line number is obtained, the flow advances to step S5. and the display start line address (DSLADR) and the number 
(SDLINE) of lines to be successively displayed are output to the line address generation circuit 24. In accordance with 
the display start line address and the number of lines to be successively displayed which are set .as ; described I above, 
the line address generation circuit 24 outputs the line address and display data in synchronism with the signal HSYNC 
output from the FLCD 20 at the next timing. 

(Second Embodiment) 

The arrangement of the address latch circuit 2907 according to the second embodiment of the present invention 
will be described below with reference to Figs. 23 to 25B. 

Fig. 23 is a diagram showing the arrangement of the VRAM 22 according to the second embodiment of the present 
invention. In this embodiment, the VRAM 22 has two frame memories each having a 2-Mbyte memory space. With this 
arrangement, the VRAM 22 can be used as a memory having a 4-. 2-. or 1 -Mbyte memory space. 

Fig 24 is a block diagram showing the arrangement of the address latch circuit 2907 of the second embodiment 
The same reference numerals in Fig. 24denote the same parts as in the arrangement of the first embodiment described 
above, and a detailed description thereof will be omitted. In Fig. 24. the DIP switch 30 for defining the memory space of 
the VRAM 22 is connected not to the CPU 23 but to the line flag generation circuit 29. The setting value of the switch 
30 is decoded by a decoder 813. and one of latch circuits 810 to 812 is selected based on the decoded value. 

The latch circuit 810 is one for latching the address when the VRAM 22 is used as the 4-Mbyte memory space me 
latch circuital 1 is one for latching the address when the VRAM 22 is used as the 2-Mbyte memory space, and the latch 
circuit 812 is one for latching the address when the VRAM 22 is used as the 1 -Mbyte memory space For examp e 
when the DIP switch 30 is set to be "1 ". the VRAM 22 is used as the 4-Mbyte memory space, and the latch circuit 810 
latches address data shown in Fig. 12B above and outputs 20-bit address data to the subsequent subtracter 2908. On 
the other hand, when the VRAM 22 is used as the 2-Mbyte memory space, the dip switch 30 is set to be 2 . In this 
case, the latch circuit 81 1 latches 1 9-bit address data shown in Fig. 2SA. and outputs it to the subtracter 290* Similarly; 
when the VRAM 22 is used as the 1-Mbyte memory space, the dip switch 30 is set to be "3". and 18-b.t address data 
shown in Fig. 25B is set in the latch circuit 812 and is output to the subtracter 2908. 

As described above, according to the second embodiment, even when the memory space of the VRAM 22 s 
changed an accurate address on the VRAM 22 subjected to the rewrite operation is stored in the address latch circuit 
2907 For this reason, the subtracter 2908, the divider 2909. and the decoder 2910 can obtain the rewntten line number 
and the contents of the flag register 2913 can be updated based on the obtained line number. According to the circuit 
of the second embodiment, even when the use mode (memory space) of the VRAM 22 is changed, the line number 
subjected to the partial rewriting operation can be obtained. ^u^« 
Note that the present invention may be applied to either a system constituted by a plurality of devices (e.g.. a host 
computer, an interface device, a reader, a printer, and the like), or an apparatus comprising a single equipment (e.g.. a 
copying machine, a facsimile apparatus, or the like). 
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The objects of the present invention are also achieved by supplying a storage medium, which records a program 
code of a software program that can realize the functions of the above-mentioned embodiments to the system or appa- 
ratus, and reading out and executing the program code stored in the storage medium by a computer (or a CPU, MPU, 
or the like) of the system or apparatus. 
5 In this case, the program code itself read out from the storage medium realizes the functions of the above-men- 

tioned embodiments, and the storage medium which stores the program code constitutes the present invention. 

As the storage medium for supplying the program code, for example, a floppy disk, hard disk, optical disk, magneto- 
optical disk. CD-ROM, CD-R, magnetic tape, nonvolatile memory card, ROM, and the like may be used. 

The functions of the above-mentioned embodiment may be realized not only by executing the readout program 
w code by the computer but also by some or all of actual processing operations executed by an OS (operating system) 
running on the computer on the basis of an instruction of the program code. 

Furthermore, the functions of the above-mentioned embodiments may be realized by some or all of actual process- 
ing operations executed by a CPU or the like arranged in a function expansion board or a function expansion unit, which 
is inserted in or connected to the computer and receives the program code read out from the storage medium. 
75 As described above, according to the above-mentioned embodiments, the display line number on the correspond- 
ing display can be obtained at high speed on the basis of the rewritten address on the display memory. 

According to the above-mentioned embodiments, since a high-speed divider using a multiplier is used, the corre- 
sponding display line number can be obtained at high speed. 

According to the above-mentioned embodiments, even when the contents of the display memory are partially dis- 
20 played, the display line number corresponding to the rewritten address on the display memory can be quickly and accu- 
rately obtained, and the display contents can be partially rewritten. 

The present invention is not limited to the above embodiments and various changes and modifications can be 
made within the spirit and scope of the present invention. Therefore, to apprise the public of the scope of the present 
invention, the following claims are made. 
25 When the contents of display data in a display memory have been changed, the address, subjected to the write 
access, of the display memory is held in an address latch circuit, and is divided by the number of display pixels in the 
horizontal direction of the display screen of a ferroelectric liquid crystal display unit. By decoding the division result, the 
display line number of the display unit corresponding to the address, subjected to the write access, of the display unit 
can be obtained. Upon reception of a display request signal from the display unit, the obtained display line number and 
30 display data corresponding to the line number are supplied to the display unit, and only display data of the display line 
corresponding to the rewritten portion is rewritten and the entire image of the changed image is displayed. 

Claims 

35 1 . A display controller for outputting display data stored in a display memory to a display and displaying the display 
data on the display, characterised by comprising: 

holding means (2907) for holding an address, subjected to a write access, of the display memory; 
division means (2909) for dividing the address held in said holding means by the number of display pixels in 
a horizontal direction of a display screen of the display; and 
40 line number determination means (291 0,291 3) for obtaining a display line number of the display screen cor- 

responding to the address, subjected to the write access, of the display memory on the basis of a division result 
from said division means. 

2. The controller according to claim 1, characterised by further comprising instruction means (23) for instructing a 
45 memory space of the display memory, and wherein said holding means changes a holding state of the address in 

accordance with an instruction from said instruction means. 

3. The controller according to claim 1 , characterised in that said division means comprises reciprocal number calcu- 
lation means for calculating a reciprocal number of the number of display pixels, and multiplication means for mul- 

so tiplying the address with the reciprocal number calculated by said reciprocal number calculation means. 

4. The controller according to claim 1 , characterised in that said line number determination means comprises decode 
means (2910) for decoding a division result obtained by said division means, and obtains the line number on the 
basis of a decoded result of said decode means. 

55 

5. The controller according to claim 4. characterised by further comprising storage means for storing the display line 
number of the display screen in accordance with the decoded result of said decode means. 
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6. The controller according to anyone of claims 1 -5, characterised by further comprising display start address storage 
means for storing a display start position on the display in correspondence with an address of the display memory 
and subtraction means for subtracting a display start address stored in said display start address stc »rage means 
from the address held in said holding means, and wherein said division means divides the address as a subtraction 
result from said subtraction means by the number of display pixels, in the horizontal direction, of the d.splay screen 
of the display. 

7 The controller according to anyone of claims 1 -6. characterised by further comprising control means for reading out 
the line number determined by said line number determination means and display data corresponding to the line 
number from the display memory and outputting the display data to the display upon reception of a data transfer 
request signal from the display. 

8. The controller according to claim 7, characterised by further comprising processing means for performing image 
processing of the display data read out from the display memory. 

9. The controller according to claim 7. characterised in that the display data output to the display includes data indi- 
cating a display area and a non-display area 

10. The controller according to anyone of claims 1-9. characterised in that the display comprises a ferroelectric liquid 

crystal display. 

11. a display apparatus for displaying an image on the basis of display data stored in a display memory, comprising: 

write means for writing display data by accessing said display memory; 

holding means for holding an address, accessed by said write means, of said display memory; 

division means for dividing the address held in said holding means by the number of display pixels, in a hor- 
izontal direction, of a display screen of a display unit; 

line number determination means for obtaining a display line number of the display screen of the display unit 
corresponding to the accessed address of said display memory on the basis of the division result of said dwision 

^^cortrol means for outputting the line number determined by said line number determination means and dis- 
play data corresponding to the line number and stored in said display memory to the display unit upon recepton of 
a display request from said display unit. 

12. The apparatus according to claim 11. characterised in that said control means comprises P^^~""£ 
perfomSng image processing of the display data corresponding to the line number * 
determination means and stored in said display memory, and addition means for adding data .nd.cating a non-dis- 
play area to the display data processed by said processing means. 

13. The apparatus according to claim 11. characterised in that said division means comprises subtraction means for 
subtracting an offset address of said display memory from the address held in said holding means. 

14. The apparatus according to anyone of claims 11-13. characterised by further comprising m ^™™*™J°[ 
instructing a memory space of said display memory, and wherein said holding means changes a holding state of 
the address in accordance with an instruction from said instruction means. 

15. The apparatus according to claim 11. characterised in that said division means comprises reciprocal number* cal- 
culation means for calculating a reciprocal number of the number of display pixels, and multiplication means for 
multiplying the address with the reciprocal number calculated by said reciprocal number calculation means. 

16. The apparatus according to claim 11. characterised in that said line number determination means comprises 
decode means for decoding the division result obtained by said division means, and obtains the line number on the 
basis of the decoded result of said decode means. 

1 7 The apparatus according to daim 1 6. characterised by further comprising storage means for storing the display line 
number of the display screen in accordance with the decoded result of said decode means. 

1 8. The apparatus according to anyone of claims 11-17. characterised by further comprising display start ^ r ^° r " 
age means for storing a display start position on the display unit in correspondence with an address of said display 
memory and subtraction means for subtracting a display start address stored in said display start address storage 
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means from the address held in said holding means, and wherein said division means divides the address as a 
subtraction result from said subtraction means by the number of display pixels, in the horizontal direction, of the dis- 
play screen of the display unit. 

5 19. The apparatus according to claim 11 , characterised in that said display comprises a ferroelectric liquid crystal dis- 
play. 

20. A display control method for outputting display data stored in a display memory to a display and displaying the dis- 
play data on said display, 

10 characterised by comprising the steps of: 

holding an address, subjected to a write access, of the display memory; 

dividing the address held in said holding step by the number of display pixels in a horizontal direction of a 
display screen of the display; and 

obtaining a display line number of the display screen corresponding to the address, subjected to the write 
75 access, of the display memory on the basis of the division result 

21 . The method according to claim 20, characterised by further comprising the step of: 

instructing a memory space of the display memory, and wherein in the holding step, a holding state of the 
address is changed in accordance with an instruction instructed in said instruction step. 

20 

22. The method according to claim 20. characterised in that in the dividing step, calculating a reciprocal number of the 
number of display pixels, and 

multiplying the address with the reciprocal number. 

25 23. The method according to claim 20, characterised in that in the obtaining step, decoding the division result obtained 
by said division step, and 

obtaining the line number on the basis of the decoded result of said decoding step. 

24. The method according to claim 23, characterised by further comprising the step of: 

30 storing the display line number of the display screen in accordance with the decoded result of said decoding 

step. 

25. The method according to claim 20, characterised by further comprising the step of: 

storing a display start address on the display in correspondence with an address of the display memory, and 
35 subtracting the display start address from the address held in said holding step, and 

wherein in the division step, dividing the address as a subtraction result from said subtraction step by the 
number of display pixels, in the horizontal direction, of the display screen of the display. 

26. The method according to claim 20, characterised by further comprising the step of: 
40 reading out the display line number, 

displaying data corresponding to the line number from the display memory, and 

outputting displaying data to the display upon reception of a data transfer request signal from the display. 

27. The method according to claim 26, characterised by further comprising the step of: 

45 performing image processing of the display data read out from the display memory. 

28. The method according to claim 26, characterised in that the display data output to the display includes data indi- 
cating a display area and a non-display area. 

so 29. The method according to anyone of claims 20-28, characterised in that the display comprises a ferroelectric liquid 
crystal display. 

30. A display apparatus for displaying data stored in a display memory on a display screen, characterised by compris- 
ing: 

55 holding means for holding an address, subjected to a write access, of the display memory; 

division means for dividing the address held in said holding means by the number of display pixels in a hor- 
izontal direction of the display screen; 

line number determination means for obtaining a display line number of the display screen corresponding to 
the address, subjected to the write access, of the display memory on the basis of a division result from said division 
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means, and , . 

display means for displaying an image on the display screen based on the display line number and display 

data. 

31. An information processing apparatus for outputting display data stored in a display memory to a display unit and 
displaying the display data on the display screen of the display unit, characterised by comprising: 

control means for generating display data and storing the display data into the display memory; 

holding means for holding an address, subjected to a write access by said control means, of the display 

memory; t t , . , . . 

division means for dividing the address held in said holding means by the number of display pixels in a hor- 
izontal direction of the display screen of the display unit; 

line number determination means for obtaining a display line number of the display screen corresponding to 
the address, subjected to the write access, of the display memory on the basis of a division result from said division 

means; and ^ 

display means for displaying an image on the display screen of the display unit based on the display line 

number and display data. 
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